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© Process for the preparation of 2-substituted-1,4-dlhydro-pyridines. 



© The present invention provides a process for preparing a 2-substituted-1,4-dihydropyridine by providing a 
regie-specific bromine containing intermediate which is then reacted with a nucleophile to provide a wide range of 
substituents at the 2-position of 1 ,4-dihydropyridines. Also the present invention is novel 3-substituted-1 ,4- 
dihydropyridines having cardiovascular activity. 
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PROCESS FOR THE PREPARATION OF 2-SUBSTrTUTED-1,4-DIHYDROPYRIDINES 



The present invention is a process for preparing 2-substituted-l ,4-dihydropyridines, useful as cardiovas- 
cular agents. 

U.S. Patent No. 4,567,268 reports a pyridinium bromide perbromide and N-bromo-succinimide as a 
bromine generator for use in a process to form an internal ester, i.e. lactone, such as tetrahydrofuro (3,4-b) 

5 pyridine from a 3,5-diesteM,4-dihydropyridine. However, surprisingly it is now found that a pyridinium 
bromide perbromide provides a regiospecrfic brominated intermediate, i.e. having a bromine containing 
substituent at the 2-position in a 1 ,4-dihydropyridine. The intermediate, thus, is further reacted with a 
nucieophile to provide a wide range of 2-substrtuted-1 ,4-dihydropyridines in high yields heretofore available 
only through a complex three part Hantzsch reaction having low yields of products requiring extensive 

10 chromatographic separation. 

Additionally selected novel 2-substituted-1 ,4-dihydropyridines having calcium blocking activity are the 
present invention 

The present invention is a process for the preparation of compounds of the formula (I) 

15 



20 




Z 



wherein Ar is aryl or heteroaryl; 
R' is hydrogen, lower alkyl or aryl; 

R is straight or branched hydrocarbon chain of from two through six carbons; 

Ri is CN, CO2R3 wherein R3 is lower alkyl, or is taken together with , which is an optional bond to 

form a fused ring with the dihydropyridine wherein the fused ring is of the formula 



35 




where n is 0 or 1 and Z is 

1 ) A-R2 wherein A is O or S and R2 is 

i) alkyl, straight or branched, optionally substituted by (a) hydroxy, (b) aikoxy, (c) NR3R4 wherein R3 
and Ra are independently hydrogen or lower alkyl; (d) S(0) n Rs wherein n is zero, one or two and R5 is lower 
alkyl, aryl, aralkyl wherein ar is aryl and alkyl is an alkylenyl linkage straight or branched having of from one 
to four carbons or heteroaryl with the proviso that Rz is not alkyl substituted by S(O) £ R5 when A is S; or 
(e) CO2R4 wherein R* is hydrogen or lower alkyl; 

H) aryl; 

iii) heteroaryl; or 
iv) 




2 
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wherein q is one or two, and is an optional bond; R6 and R7 are independently hydrogen, alkyl of from 

one to four carbons, alkenyl of from two to tour carbons, or taken together with Re and R? form 




1Q wherein X is halogen, lower alkyl, trifiuoromethyl, nitro, amino, mono-or di-lower alkylamino, cyano, lower 
alkoxy, lower alkylthio, and the like; 

2) NR3R4 wherein R3 and R4 are independently hydrogen or lower alkyl; or 
3) 



N 



wherein Y is O, S, CH2, CHAr wherein Ar is independently aryl, or NRs wherein R5 is independently as 
20 defined above; 
4) 



25 



wherein R5 is independently as defined above; which comprises treating a compound of the formula (II) 



30 



35 



Ar 



H 2or? e 



C0 2 R 



CH 2 R' 



II 



wherein Ar, R, R\ and R1 are as defined above; with pyridinium bromide perbromide in a solvent to obtain 
an intermediate of the formula (III) 



40 



45 



H 2 or 3° 




III 



50 wherein Ar, R1, R\ and R is as defined above; and then reacting the compound of formula III with a 
compound of the formula HZ wherein 2 is as defined above, to obtain the compound of formula I above. 

Since the process can be performed as a one pot' process the invention is also the preparation of a 
compound of formula I as defined above which comprises treating a compound of formula II as defined 
above with pyridinium bromide perbromide followed by treating with the compound of formula HZ to obtain 
55 a compound of the formula I. 

The present invention is also for novel compounds of the formula (X) 
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Ar 

N = C \ r A/C0 2 R 
Z l 

70 and pharmaceutical acceptable salts thereof* wherein Ar n- o«h q 

and Z, is ' wnere,n Ar ' R and R ™ independently as defined above 

1) 

75 



wherein R 5 is independently as defined above- or 
20 2) 




< R 



\ l] 



R 7 



40 



45 



50 



30 wherein q, Rg and R 7 are as defined above 

» a pnomaooodcaUy oocapable J™ a ™*"* 01 *" '""'Po^a of formote X as aeft«l above wim 

as defined above. P ™"* """""'Pfenng » sucf. mammals the compound of formula X 

edfaneeolfonio add. benaenesoifome TSHSSLoCT. , f ' "?JI!" "* °' "S"* «** «* - 
sutfamatt,. MtonesuHooaB, l^a^eulSaTotZI"^ f"' "» likK **9 «• nydroehlor.de. 

feast^ne^syrnmltote^ ^^f* a *o^^^»^^^^^^^^^^^ U J'^^^*^^^^^*^^^* < ^^"^'* e ffo6 o, a, 

-eeoluSoo methods aueh a, dw>n«£J2^^e"2r.. !S ™ CSmic ~ m P"»"> by eonveniional 
oompoond ean be reach* M aJTSSj toS^t £T'T H ? l0n W " te "" d *• «»* 
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invention with suitable acids. For example, the appropriate compounds of formula X are dissolved in 
ethanol, then suitable acids are added to the solution. 

Examples of inorganic and organic acids which form physiologically acceptable acid addition salts with 
the dihydropyridines of the present invention are hydrogen haiide acids, such as hydrochloric acid and 
5 hydrobromic acid, particularly hydrochloric, phosphoric, sulfuric, nitric, monofunctional and Afunctional 
carboxylic acids and hydroxycarboxylic acids, such as acetic, maleic, succinic, fumaric, tartaric, citric, 
salicylic, lactic, and 1 ,5-naphthalenedicarboxylic and naphthalenedicarboxylic and naphthalenedisulphonic 
acids. 

"Lower alky!" as used herein means a hydrocarbon chain of from one to six carbons, such as methyl, 
io ethyl, propyl, butyl, pentyl or hexyl and isomers thereof. 

The term "aryl rt as used herein means phenyl, optionally substituted with one or two of lower alkyl, 
halogen, trifluoromethyl, nitro, amino, mono-or di-lower alkylamino. cyano, lower alkoxy. lower thioalkyl and 
the like. 

The term "heteroaryl" as used herein means thienyl, furyl, pyrryl, pyridinyl, quinoiyl. isoquinolyl, 
75 pyrimidyl, pyradazinyl, quinazolyl, quinoxalyl. benzothienyl, pyrazolyl, imidazolyl, oxazolyl, isoxazolyl. 
thiazolyl, triazolyl, pyrazinyl, oxazinyl. thiazinyi, indolizinyl. indolyl, benzofuranyl, benzioxazolyl, benthiazolyl. 
benztriazolyl. benzoxadiazoiyl, cinnobinyl, phthalaxinyl. naphthyridinyl, or benzothiazinyl. 
"Halogen" in the present invention means fluorine, chlorine, or bromine. 

20 Scheme I 



25 




wherein R, R' t Ri, Ar and Z are as defined above. 

Generally, the process of the present invention as shown in Scheme I is carried out in a dry inert 
solvent, such as trichloromethane. dichloromethane, chloroform, or the like. Water or ethanol and the like 
so can be removed from the medium by standard methods. Further, the process is carried out in the presence 
of pyridine. 

Thus, from at least one equivalent to an excess, such as up to two equivalents, of pyridinium bromide 
perbromide is added to a mixture of a compound of the formula II in a solvent such as chloroform, 
methylene chloride and the like. The mixture also contains pyridine or triethylamine. preferably pyridine, in 
55 an amount preferably from one equivalent to an excess of equivalents. The mixture is maintained at a 
temperature from approximately -50°C to 20°C preferably -10 to 0°C. The mixture is stirred until flash 
chromatography over silica gel (10% ethanol/dichloroethane) indicates a formation of compound of the 
formula III. The compound of formula Id may be isolated for further reaction or the compound of formula III 

5 
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may be further reacted without separation from the reaction mixture. 

The compound of formula III is thus, contacted with a compound of the formula HZ by using a reaction 
mixture and conditions appropriate to the presence of formation of the moiety of the formula Z. For 
example, a solvent such as tetrahydrofuran (THF), N,N-dimethylformamide or the like, may be added to the 

5 compound of formula III or the mixture containing the formula 111. Then, the solution or mixture of formula Hi 
is added to the HZ or a compound providing the Z moiety in a solvent such as one or more of 
tetrahydrofuran or cfimethyrformamide and the like preferably in the presence of, for example, sodium 
hydride H appropriate to the formation of the Z moiety. The resulting reaction mixture is prepared at from 
-20°C to 0°C and then warmed to room temperature. Then it is stirred until appropriate chromatography 

70 indicates the formation of the compound of formula I, approximately an hour for most reactions. 

Compounds of formula I may be separated including purification from the reaction mixture by 
conventional means such as extraction, distillation, chromatography, and the like. Further, the compounds of 
formula I which are stereoisomers having at least one asymmetric carbon or diastereomers having not less 
than two asymmetric carbon can be resolved to each racemate by conventional means such as chrornatog- 

15 raphy or fractional recrystallization and the like and the racemate can be resolved into each optical isomer 
by a conventional racemic resolution by fractional recrystallization of a salt of the racemic compound with 
an optically active acid, e.g. tartaric acid or camphor sulfonic acid. 

The starting materials i.e. the compounds of the formula II as defined above for the process of the 
present invention are readily available, are known or can be prepared by known methods. 

20 For example, the following Scheme II illustrates one such known process for preparing the starting 
materials. 

Scheme II 

25 



ArCHO 

30 



35 



40 




wherein Ar, R\ Ri, and R are as defined above. 

Further, it is understood that optionally additional steps to those described for Scheme I may be used 
45 to provide derivatives which are previously known compounds. See, for example, EP - A - (0206747), cited 
above, for methods shown as the final step shown therein, such as, for example, the following Schemes III 
and IV: 



50 



55 
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10 



75 



20 



25 



tr*JL e JT' ^^ un< * * * e f °™'a X as defined above possess vasodilatory activity useful for the 
t^em of congests heart failure, coronary heart disease, myocardial ischemia!^ 

EP - a' S ISSS^J^ ^P 00 " 115 of fo ™" a x in Wbit nitrendipine in an assay as described in 
« * 0206747 which is incorporated by reference above ue&cnoea in 

f ^n m AC ^ rd i n9,y ■ PreS6nt inVenBOn lncludes 3 method for freati ^ mammals, including humans sufferina 

It ^ quent ' y "creasmg the dose until a maximum resonse is obtained. For conven to TUS ZZ 
daily dosage may be divided and administered in portions during the day if desired c °™en,ence. the total 

It is understood that the compositions and methods of treatment of the present invention as desrrih^H 
above also include the pharmacologically acceptable acid addition salts of iJ^^^iZu^ 

Such vanatons within the skill of the art are also within the process of the preJertZeZT 



30 



35 



40 



EXAMPLES 

The following examples further illustrate the invention without limiting it thereto. 
EXAMPLE 1 



50 



55 



EXAMPLE 2 



8 
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EXAMPLE 3 

3-Pyridinecarboxylic acid, 5-cyano-1 ,4-dihydro-6-methyl-2-[[4-(phenylmethyl)-1 -piperazinyljmethy l]-4-[2- 
(trifluoromethyl)phenyl]- t ethyl ester. 

5 

EXAMPLE 4 

3-Pyridinecarboxyiic acid, 5-cyano-1 ,4-dihydro-2-[[4-(2-hydroxy-3-phenoxypropyi)-1 -piperaziny I}- 
10 methyI}-6-methyl-4-[2-(trifluoromethyl)phenyl]-, ethyl ester. 

Calcd. for CaiH^F^O* 

C, 63.80; H, 5.87; N. 9.60 

Found C, 63.16: H, 5.99; N, 9.48 

mol ion m + 1 584 (mass spectrum) 
is ir, 2203 cm" 1 (CN) 1700 cm* 1 (CC^Et) 

'H NMR (CDCb) 5: 8.1 <1H, Si broad NH), 6.9-7.6 (9H, m, aromatics). 5.1 (1H. s. Cr-H). 4.1-3.8 (7H, 

m, Hs at a, b. c, d), 2.6-2.8 (10H, m. 



20 



-N N^) 



2.1 (3H f s, CH 3 ) and 1.0 (3H, t, CO2CH2CH3). 
25 EXAMPLE 5 

3-Pyridinecarboxylic acid, 5-cyano-1 /4-dihydro-6-methyl-2-(4-morpholinylm^ 
phenyl]-, ethyl ester, 
mp 174-175°C. 
30 Light yellow solid. 

EXAMPLE 6 

35 3-Pyridinecarboxyiic acid, 5-cyano-2-[(3,4-dihydro-2-oxo-1 (2H)-qu!noIinyl)methyl}-1 ,4-dihydro-6-methyl- 
4-[2-(trifluoromethyi)phenyl]- 1 ethyl ester, 
mp 210-21 1°C. 
Dull olive solid. 

40 

EXAMPLE 7 

3-Pyridinecarboxylic acid, 5-cyano-1 ,4-dihydro-6-methyl-2-t(4-phenyl-1 H-imidazoi-1 -yl)methyl]-4-[2- 
(trifIuoromethyl)phenyI}- f ethyl ester. 
45 mp276-278°C. 
White solid. 



EXAMPLE 8 

50 

3-Pyridinecarboxylic acid, 5-cyano-1 ,4-dihydro-6-methy l-2-[(2-m ethyl- 1 H -imidazol-1 -yl)methyl]-4-[2- 
(trifluoromethyl)phenyl}-, ethyl ester, 
mp 226-228°C. 

55 
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EXAMPLE 9 

3-Pyridinecarboxy lie acid, 5-cyano-1 ,4-dihydro-2-(1 H-imidazoM -y lmethy l}-6-methy l-4-[2- 

(trifluoromethyl)phenyl>, ethyl ester. 
5 mp 21 6-21 8° C. 
White solid. 



70 



75 



EXAMPLE 10 

3-Pyridinecarboxylic acid, 5-cyano-1 ,4-dihydro-6-methyl-2-[(4-pyridm^ 
phenyl]-, ethyl ester, 
mp 229-230° C. 
White solid. 



EXAMPLE 11 

3-Pyridinecarboxylic acid, 5-cyano-1.4-dihydro-6-methyl-2^<phenyl^ 
20 phenyl]-, ethyl ester, 
mp 122-123°C. 
Pale yellow solid. 



25 Claims 

1 . A process for the preparation of a compound of the formula (I) 



30 



35 




H 2or I C 



40 



wherein Ar is aryl or heteroaryl; 

R' is hydrogen, lower alkyl, or aryl; 

R is straight or branched hydrocarbon chain of from two through six carbons; 
Ri is CN, CO2R3 wherein R3 is hydrogen or lower alkyl, or is taken together with 
optional bond to form a fused ring of the formula 



-, which is an 



45 



50 



55 




wherein n is 0 or 1 and Z is 

1) A-R2 wherein A is O or S and R2 is 

i) alkyl, straight or branched, optionally substituted by (a) hydroxy, (b) alkoxy. (c) NR3R4 wherein R 3 
and FU are independently hydrogen or lower alkyl; (d) S(0)„R5 wherein n is zero, one or two and R 5 is lower 
alkyl, aryl, aralkyl wherein ar is aryl and alkyl is an aikylenyl linkage straight or branched having of from one 
to four carbons, or heteroaryl with the proviso that R2 is not alkyl substituted by S(O) ^ R5 when A is S" or 
(e) CO2R4 is hydrogen or lower alkyl; 

») aryl; 



10 
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iii) heteroaryl; or 

iv) 



70 




wherein q is one or two, and is an optional bond; F*6 and R7 are independently hydrogen, alkyl of from 

one to four carbons, alkenyl of from two to four carbons, or taken together with Re and R7 form 



75 




20 



25 



wherein X is halogen, lower alkyl, trifluoromethyl, nitro, amino, mono-or dMower alkylamino, cyano, lower 
alkoxy, lower alkylthio, and the like; 

2) NR3Ri wherein R3 and FU are independently hydrogen or lower alkyl; or 

3) 



N 



30 wherein Y is O, S, CH2, CHAr wherein Ar is independently aryl, or NR5 wherein R* is independently as 
defined above; 
4) 



35 




wherein R5 is independently as defined above. 
to which comprises 1 ) treating a compound of the formula (II) 



45 



H 2 or-3 C 



Ar 



H 



C0 2 R 



CH 2 R" 



II 



50 wherein Ar, R', Ri. and R are as defined above; with pyridinium bromide perbromide and then 2) treating the 
result of 1) with a compound of the formula HZ wherein Z is as defined above; to obtain the compound of 
formula i. 

2. A process of Claim 1 wherein the compound of the step 1) having the formula (III) 



55 



11 
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H 



2 or 3 




III 



70 wherein Ar, FT, Ri, and R are as defined above; is identified or isolated and then treated according to step 2 
of Claim 1 . 

3. A process of Claim 2 wherein the step 1 is in a dry, inert solvent and in the presence of pyridine. 

4. A process of Claim 4 wherein the solvent is dry ethanol-free chloroform or methylene chloride. 

5. A process of Claim 2 wherein step 2 is in a solvent in the presence of NaH. 

6. A process of Claim 5 wherein the solvent of step 2 is part tetrahydrofuran and part dimethylfor- 
mamide. 

7. A process of Claim 6 wherein each part is equal. 

8. A process of Claim 1 wherein Ar is 2-(trifluoromethyl)phenyl, R is ethyl, Ri is cyano, and Z is 



75 



20 



25 



or 



30 



Si 



9. A compound of the formula (X) 
35 Ar 



40 



n = c nJn/CC 



C0 2 R 



X 



and pharmaceutical^ acceptable salts thereof; wherein Ar is aryl or heteroaryl; 
45 R' is hydrogen, lower alkyl, or aryl; 

R is a straight or branched hydrocarbon chain of from two through six carbons; and Zi is 



so 



wherein R5 is lower alkyl, aryl. aralkyl, or heteroaryl; or 



55 
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5 




wherein q is one or two, and R6 and R7 are independently hydrogen, alky! of from one to four carbons, 
alkenyl of from two to four carbons, or taken together wherein R5, R7 and form 

70 




X 



75 

wherein X is halogen, lower alkyl, trifluorom ethyl, nitro, amino, mono-or di-lower alkyl amino, cyano, lower 
alkoxy, or lower alkylthio. 

10. A compound of the Claim 9 wherein Z1 is 

20 




25 wherein R5 is as defined above. 

1 1 . A compound of the Claim 9 wherein Z1 is 



30 




35 wherein q, Rs and R7 are as defined above. 

12. A compound of the Claim 11 and being 5-cyano-2-[(3,4-dihydro-2-oxo-l(2H)quinolinyl)methyl}-1,4. 
dihydro-6-methyl-4[2-(trifluoromethyl) phenyl]-3-pyridinecarboxylic acid; ethyl ester. 

13. A compound of the claim 9 selected from the group consisting of 1 ,4-dihydro-6-methyl-2-t(4-phenyl- 
1H-imidazol-1-yl)methyl] -4-[2-(trifluormethyl) phenyI]-3-pyridinecarboxyiic acid; ethyl ester, 5-cyano-1,4- 

40 dihydro^methyl-2-[(2-methyl-1^ phenyl>3-pyridinecarboxyIic 
acid; ethyl ester, and 5-cyano-1 ,4-dihydro-2-<1 H-imidazoM-yi) methyl}-6-methyl-4-[2-(trifluormethyl)phenyl> 
3-pyridinecarboxylic acid; ethyl ester. 

Claims for the following Contracting States : GR, ES 

45 

1 . A process for the preparation of a compound of the formula (I) 



Ar 




I 



wherein Ar is aryl or heteroaryl; 

R' is hydrogen, lower alkyl, or aryl; 



13 
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R is straight or branched hydrocarbon chain of from two through six carbons- 

«n*JTh!! S?" f ^ Wher8in * 18 n y dro 9 en or or is taken togeiher with 

optional bond to form a fused ring of the formula 



- which is an 



w 




15 



20 



wherein n is 0 or 1 and 2 is 

1) A-R 2 wherein A is O or S and R2 is 

i) alkyi, straight or branched, optionally substituted by (a) hvdroxv (h\ aiknw /^\ md n u • « 

Z^ZZT tiy hydro9e ? or ,ower a,ky,: < d) ^S^^TJ^Si S 

to fou ?L h !Z ar , ,S ■** iS a,ky,en y' ,inka 9 e ***t or branched having of from one 

Si rEJT^T; heteroaryl wrth the proviso that R* is not aJkyl substituted by S(O) - R s when A is S o^ 
(e) CCfcRd is hydrogen or lower alkyi; n or 

ii) aryl; 

iii) heteroaryl; or 
iv) 



25 



" V ^ 



35 



40 



a^ow^ -» « cyano. ,ower 

2) NR3R4 wherein R, and FU are independently hydrogen or lower alkyi; or 




N Y 



45 



dSao^e; 0 ' S ' ^ ^ * i5 ^"^V aryl, or NRs 

50 4) 



wherein Ffe is independently as 



55 




wherein Ffe is independently as defined above. 

which comprises 1) treating a compound of the formula. (II) 



14 
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Ar 



C0 2 R 



II 



4 2 or 3 



H 



CH 2 R' 



wherein Ar, R\ Ri, and R are as defined above; with pyridinium bromide perbromide and then 2) treating the 
to result of 1) with a compound of the formula HZ wherein Z is as defined above; to obtain the compound of 
formula I. 

2. A process of Claim 1 wherein the compound of the step 1 ) having the formula (III) 



76 



20 



H 



2 or 3 




III 



25 



30 



wherein Ar, R', Ri, and R are as defined above; is identified or isolated and then treated according to step 2 
of Claim 1 . 

3. A process of Claim 2 wherein the step 1 is in a dry, inert solvent and in the presence of pyridine. 

4. A process of Claim 4 wherein the solvent is dry ethanoi-free chloroform or methylene chloride. 

5. A process of Claim 2 wherein step 2 is in a solvent in the presence of NaH. 

6. A process of Claim 5 wherein the solvent of step 2 is part tetrahydrofuran and part dimethylfor- 
mamide. 

7. A process of Claim 6 wherein each part is equal. 

8. A -process of Claim 1 wherein Ar is 2-(trifluoromethyl)phenyi, R is ethyl, Ri is cyano, and Z is 



35 



s -<Q" 



40 



or 



45 



50 



55 



S(O) 



9. A process of claim 1 for the preparation of a compound of the formula (X) 

Ar 



and of pharmaceutical^ acceptable salts thereof; wherein Ar is aryl or heteroaryl; 
R # is hydrogen, lower alkyl, or aryl; 

15 
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R is a straight or branched hydrocarbon chain of from two through six carbons; and 2i is 
wherein R5 is lower alkyl, aryl, aralkyl, or heteroaryl; or 



°=QC 



l 6v 



R 7' 



wherein q is one or two. and Rs and R 7 are independently hydrogen, aikyl of from one to four carbons, 
aikenyl of from two to four carbons, or taken together wherein Re. R 7 and - - - form 



20 




25 wherein X is halogen, lower alkyl, trifluoromethyi, nitro, amino, mono-or di-lower alkyl amino, cyano. lower 
alkoxy, or lower alkylthio. 

10. A process of the claim 9 wherein 2i is 



30 



35 



40 



wherein R 5 is as defined above. 

11. A_process of Claim 9 wherein 2i is 



-v 



45 



50 



wherein q, Re and Re are as defined above. 

12. A process of Claim 11 for preparing 5-cyano-2-[(3,4-dihydro-2-oxo-l (2H)quinolinyl)methyl]-i .4- 
dihydro^methyM[2-(trifluoromethyl)phenyl>3-pyridinec3rboxylic acid; ethyl ester. 

13. A process of the claim 9 for preparing a compound selected from the group consisting of 1 4- 
dihydro^methyl-2-[<4^ acjd . 
ethyl ester, 5K*ano-1 ,4^ihydro^methy^ phenyl^ 
3-pyndinecarboxylic acid; ethyl ester, and 5-cyanc-1 ,4-dihydro-2-<1 H-imida20l-1-yl)methylh6-methyl^.[2- 
trifiuonnethyl)phenyl>3iDyridinecarboxylic acid; ethyl ester. 



55 



16 
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